The luminosity of fading type Ia supernovae is governed by radioactive decays of 56 Ni and 56 Co.
Probing the limits of applicability of fundamental laws of Nature is one of noble tasks for a present-day physicist or astrophysicist. In particular, tests of constancy of parameters of the Standard Model of particle physics and of General Relativity, dubbed fundamental physical constants, attract interest for decades (see e.g. Refs. [1, 2] for recent reviews and extensive lists of references). Astrophysics and cosmology, working with largest distances and longest time periods available for research, provide for excellent opportunities to constrain spacetime variations of the fundamental constants.
One of the tools to perform these studies is to compare particular astrophysical processes taking place at various distances and in various directions. Here, we concentrate on the latest stages of explosions of type Ia supernovae. Being very bright, these exploding stars have been observed at cosmologically large distances. At the same time, studies of relatively nearby explosions revealed clear universality in features of these supernovae and related their observable parameters to underlying physical processes. While precise details of the explosion itself remain to be understood, the fading luminosity of a supernova days to months after the explosion is governed by beta decays of 56 Ni and 56 Co, as it has been confirmed in 2014 by direct observations [3, 4] . This fact has been used [5, 6] to constrain spacetime variations of the decay rates, which are determined by the Fermi constant G F . In the Standard Model, this "constant" is directly related to the vacuum expectation value v of the Brout-Englert-Higgs scalar field. This value is determined by the effective potential for the scalar and may, in principle, vary with the evolution of the Universe.
In this work, we take advantage of the fact that type Ia supernovae have been extensively studied in recent years because of their importance as distance indicators in cosmology. We use two publicly available sets, SNLS [7] , see http://cfht.hawaii.edu/SNLS/ (71 light curves), and UNION2.1 compilation [8] , see http://supernova.lbl.gov (72 light curves).
The light curves are available for 72 objects from various observational campaigns, spanning redshifts between 0 and ∼ 1.5. This enlarges significantly both the number and the redshift range of supernovae, as compared to previous studies. This allows us to obtain the first constraints on possible spacetime variations of the 56 Ni decay rate for the redshift range up to z ∼ 1. They may be related to variations in G F and v under certain assumptions.
The relation between the amount of decaying isotopes and the supernova luminosity is not direct and we refer the reader to previous studies [5, 6] for discussions of this point.
The bottom line is that after the maximum, the luminosity fading is well described by two exponential functions, related to the 56 Ni and 56 Co decays, with the slopes λ proportional to the decay rates Γ with a coefficient of order one. Given considerable universality in all type Ia supernova explosions, the coefficient of proportionality does not vary significantly from one object to another and constraints on the variations in the brightness slope are directly translated into constraints on the variations of Γ.
For each supernova, we selected flux measurements in the period starting from the maximum and ending 30 days after the maximum. This is, approximately, the time span when the luminosity of the supernova is determined by the 56 Ni decay; we have checked that our results are robust with respect to variations of the time window taken into account.We kept, for our analysis, the light curves where at least three data points fall in this period; there remains 59 objects in the sample after this cut (52 from SNLS and 7 from UNION). We fit the light curve with the exponential function, F (τ ) ∝ exp(−λ τ ), where F is the flux and τ is the time after the maximum. We determine the slope, λ , for each supernova. An example of a supernova light curve is presented in Fig. 1 , together with our fit. One should note that
for an object at a cosmological redshift z, the decay rate at the emitting star, Γ, is related to the observed one, Γ , as Γ = (1 + z) Γ , and the same relation holds for λ and λ in our approach.
We are dealing here with high-redshift objects, so the observations, performed with a certain filter, correspond to various emitted wavelengths. The relation between the luminosity and the amount of the isotope may be wavelength-dependent, thus causing a systematic redshift-dependent bias in our study. We have checked that this is not the case by compar- chi-square value. Assuming linear variation, Γ(z) = Γ(0) + const × z, we obtain that the overall distribution of the slopes is consistent, at the 95% CL, with null variation of λ 0 , and hence of Γ, in the redshift range 0 ≤ z 1.0,
Next, we make use of the fact that the observed objects are located in different parts of the sky and search for global patterns of directional variations of Γ. To this end, we study the distribution of the lightcurve slopes λ on the sky and fit it with a dipole harmonics in the equatorial coordinates (α, δ),
where n(α, δ) is a unit vector pointing to the direction with coordinates (α, δ); the parameters of the fit are the monopole harmonic λ 0 , the direction n(α 0 , δ 0 ) and the magnitude a λ of the dipole. The dipole anisotropy is constrained as
Alternatively, the first harmonic modulation in the right ascension α,
The constraints (1), (2), (3) are the main direct results of our study.
The next step, that is to relate the observed result to the constancy of fundamental constants, is not straightforward and requires additional assumptions (see e.g. an excellent description of how contrived this step is in Ref. [9] , Sec. 2.2, not to mention numerous more general discussions in the literature).
First, the variations may be constrained in a self-consistent way for dimensionless constants only, while the decay rates and related, more fundamental, parameters G F and v are all dimensionful. A plausible dimensionless combination for our analysis may be formed with the help of the gravitational constant G, cf. the "µ H " constant of Ref. [10] . This raises the second subtle point, which constants are allowed to vary. For instance, allowing for variations of the gravitational constant may change the conclusions significantly. Therefore, constraining just the variation of a constant is not that useful; a particular physical model predicting the variations of the entire set of fundamental constants should be constrained instead. The results presented here, that is constraints on the variations of a physical quantity, the decay rate, may be used in any work of that kind.
To conclude, we have obtained constraints on the spacetime variation of the 56 Ni decay rate; our results are given in Eqs. (1), (2), (3) . These are the first bounds on the variation of the nuclear decay rates obtained for the redshift range as large as 0 ≤ z 1, see Table I for comparison with other results. The interpretation of the results in terms of varying fundamental constants like the Higgs scalar vacuum expectation value v may require a formulation of a particular theory describing how these, and other, constants vary.
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